This paper describes a method for estimating the internal distribution of electrical impedance of a compound object from the potential data on the boundary. The boundary potential are measured while a set of currents are applied to a number of electrodes on the periphery of the object. The current data are also presented to a finite element (FE) model of the object, with an initial guess of internal impedance distribution, and then the potential distribution is calculated. An objective function is introduced to define the error between the boundary potential of the FE model and that of the real object. The impedance parameters of the FE model are iteratively modified so as to minimize the objective function, using the Newton-Raphson method. To validate the approach, a computer simulation and an experiment were performed in which resistive-capacitive materials were considered.
Introduction
There are many studies3) that deal with the identification of the internal structure of a compound object based on the distribution of some electrical parameters such as resistivity. In this method, called the Electrical Computed Tomography (ECT), a set of electrical currents are applied to the object through a number of electrodes on the periphery. The nonuniform distribution of internal impedance induces a certain potential distribution in the object.
So, from the potential data measured on the periphery, the internal distribution of impedance could be found.
Although the spatial resolution of ECT is rather poor compared to other tomographic methods such as X-ray tomography, it offers a possibility of realizing a low-cost and safe imaging system, because it uses nonionizing radiation and only requires relatively simple hardware. Some promising fields of this technique are medical engineering, geophysics, imaging of multicomponent or multiphase flow processes, etc.
When a.c. currents are applied to an object, the reactance of the materials produces some phase shift in the a.c. voltages at the electrodes. In most of the conventional ECT systems, however, the phase shift is completely neglected, because it is usually very small. If the phase shift could be detected, the distribution of reactivity would also be estimated, possibly providing some valuable information on the internal structure of the object. For examples, the imaging of permittivity distribution of materials in industry or tissue of human body can enhance the ability of the ECT technique to obtain some information for a certain purpose. impedance of the FE model is iteratively modified so as to minimize the objective function, using the Newton-Raphson method.
The proposed method is, basically, similar to the one developed by Yorkey et al. [1987] , but the latter solely considers resistivity in the medium. Fuks et al.
[1991] proposes a method for reconstructing not only resistivity but also permittivity using the Newton algorithm with one iteration, but its applicability is limited to a polar symmetric object. On the other hand, our method considers a complex impedance medium of general structure.
Nomenclature
The following notation will be used throughout this paper,
The Outline of the System
The present ECT system consists of a number of electrodes, a data collection system, and a computer for image reconstruction. A set of electrodes is placed on the periphery of an object. The data collection system provides a.c. currents to the electrodes, measures the voltages induced, and then finds their amplitudes and phase shifts. The data of voltage amplitudes and phase shifts are fed to the computer for reconstructing the distribution of resistivity and permittivity. 
Calculation of Boundary Potential
For a given resistivity and permittivity distribution, and boundary conditions, i. e., the potential and current density on the boundary, the potential distribu- (9) the resistive image and the reactive image respectively4).
Measurement of Boundary Potential
All the currents are injected in-phase to the electrodes. One of the electrodes is used as a reference point, at which we set the phase angle to be zero. The injected current at the kth electrode can then be described as and the resolution of image results were rather poor.
That was caused by the inaccuracy of the measurement system used in the data collection system, and some errors such as the dimension and position error of electrodes, the modeling error, etc. Furthermore, the measurement of boundary potential was insensitive to the change of internal impedance of object, and the injected current inside the medium did not follow a straight line like X-ray. It followed a non-linear path of least impedance which gives the non-linearity and the insensitivity especially for the target in the center of medium.
In this experiment, the impedance of acrylic was very high. The high impedance of acrylic inside the medium changed the resistance or reactance between two electrodes in the measurement system but it had not caused the entire resistance or the reactance between two electrodes of cylindrical tank to be very high, since the acrylic was surrounded by the medium and the currents preferred to flow in the medium with the lower impedance or the current density in the 
